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(54) NON-AQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a non-aqueous 
electrolyte secondary battery, which controls a 
self-discharging to thereby exhibit excellent discharging and 
high temperature- preserving characteristics even when 
using lithium manganate as the main positive electrode 
material, and has high discharging voltage as well as an 
improved safety by virtue of high energy density. 
SOLUTION: A non-aqueous electrolyte secondary battery of 
the present invention includes a positive electrode in which 
lithium cobaltate in added to, and mixed with a spinel lithium 
manganate whose crystalline lattices were partially 
substituted with magnesium or aluminum. Also, the battery 
contains vinylene carbonate in a non-aqueous electrolyte. In 
this case, the addition and mixing are preferably effected in 
such a manner that a condition of 0.05<B/(A+B)<0.3 is 
satisfied, where A denotes a mass of the spinel-type lithium 
manganate and B denotes a mass of the lithium cobaltate is 
B. 
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* NOTICES * 

JPO and NC1PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the nonaqueous-electrolyte rechargeable battery characterized by to have been the 
nonaqueous-electrolyte rechargeable battery equipped with the positive electrode which uses as 
the main positive active material the negative electrode and the spinel mold manganic-acid lithium 
which consist of a negative-electrode active material in which the insertion and the desorption from 
a lithium ion are possible, and the electrolyte containing a non-aqueous solvent, and to contain 
vinylene carbonate in said non-aqueous solvent while the cobalt acid lithium was added and mixed 
and equipped with said positive electrode the spinel mold manganic-acid lithium with which a part of 
crystal lattice was permuted with magnesium or aluminum. 

[Claim 2] The nonaqueous electrolyte rechargeable battery according to claim 1 characterized by 
being added and mixed so that it may become the range of 0.05 <=B/(A+B) <0.3, when said a part of 
crystal lattice sets to A mass of the spinel mold manganic acid lithium permuted with magnesium or 
aluminum and it sets mass of said cobalt acid lithium to B. 

[Claim 3] The nonaqueous electrolyte rechargeable battery according to claim 1 characterized by 
being added and mixed so that it may become the range of 0.05 <=B/(A+B) <0.2, when said a part of 
crystal lattice sets to A mass of the spinel mold manganic acid lithium permuted with magnesium or 
aluminum and it sets mass of said cobalt acid lithium to B. 

[Claim 4] Said vinylene carbonate is a nonaqueous electrolyte rechargeable battery given in either of 
claim 1 to claims 3 characterized by being 3% or less to the mass of all non-aqueous solvents. 
[Claim 5] A general formula the spinel mold manganic acid lithium with which said a part of crystal 
lattice was permuted with magnesium or aluminum Li1+XMn2-YMZ04 (However, M is Mg or 
aluminum and is 0.54 <=(1+X)+Z/(2-Y) <=0.62.) - 0.15<=X<=0.15 — it is — Y<=0.5 — it is — 0< 
Z<=0.1 [ and ] — it is — a nonaqueous electrolyte rechargeable battery given in either of claim 1 to 
claims 4 characterized by what is expressed. 

[Claim 6] The electrolyte containing said non-aqueous solvent is a nonaqueous electrolyte 
rechargeable battery given in either of claim 1 to claims 5 characterized by choosing from either the 
organic electrolytic solution or a solid polymer electrolyte. 
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' * NOtlCES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nonaqueous electrolyte rechargeable battery 
equipped with the positive electrode which uses as the main positive active material the negative 
electrode and spinel mold manganic acid lithium which consist of a negative-electrode active 
material in which the insertion and desorption from a lithium ion are possible, and the electrolyte 
containing a non-aqueous solvent. 
[0002] 

[Description of the Prior Art] In recent years as a cell used for a portable electron, communication 
equipment, etc., such as a small video camera, a cellular phone, and a notebook computer A lithium 
ion is used as a negative-electrode active material for occlusion, the alloy which can be emitted, or 
a carbon material. A cobalt acid lithium (LiCo02), a nickel acid lithium (LiNi02), the nonaqueous 
electrolyte cell represented with the lithium ion battery which uses lithium content transition-metals 
oxide, such as a manganic acid lithium (LiMn 204), as a positive-electrode ingredient — a small light 
weight — and it came to be put in practical use in high capacity as a cell in which charge and 
discharge are possible. 

[0003] By the way, if it is in a nickel acid lithium (LiNi02) among the lithium content 
transition-metals oxide of the positive-electrode ingredient of the nonaqueous electrolyte cell 
mentioned above The serious problem of being inferior to a cobalt acid lithium (LiCo02) exists, while 
it has the description of being high capacity — safety — being efficient (for example, an overvoltage 
being large) — Moreover, if it is in a manganic acid lithium (LiMn 204) While the resource had the 
description of being abundant and cheap, since it had the fault that manganese itself dissolved at an 
elevated temperature with a low energy consistency, the serious problem of being inferior to a 
cobalt acid lithium (LiCo02) existed. For this reason, in current, it is in use to use a cobalt acid 
lithium (LiCo02) as lithium content transition-metals oxide. 

[0004] however — if this kind of nonaqueous electrolyte cell comes to be used to the application of 
large-sized devices, such as not only noncommercial small devices, such as a portable electron, 
communication equipment, etc., such as the latest small video camera, a cellular phone, and a 
notebook computer, but a hybrid car, — a resource — the manganic acid lithium (LiMn 204) 
abundant in resource and cheap as an ingredient which replaces the cobalt acid lithium (LiCo02) 
which has a problem quantitatively came to attract attention. In order to be in such a background 
and to solve the low energy consistency of a manganic acid lithium (LiMn 204), in JP,9-293538,A, 
the attempt in which it would improve by adding a cobalt acid lithium (LiCo02) or a nickel acid 
lithium (LiNi02) to a manganic acid lithium (LiMn 204) was made. 
[0005] 
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% [Probfem(s) to be Solved by the Invention] However, it was not enough even if it was the approach 
proposed in JP.9-293538A It faces improving the positive electrode which used the manganic acid 
lithium (LiMn 204) as positive active material, and especially an important point is in an improvement 
of an elevated-temperature cycle property and a preservation property. Although many researches 
which stabilize the crystal structure by addition of a different-species element etc. are made about 
the elevated-temperature cycle property, the chromium used as an effective permutation element 
etc. is harmful matter, or when there are many additions of an alloying element, the problem of 
energy density falling is produced, and the present condition is having not yet found the practical 
remedy. 

[0006] Moreover, about the preservation property, the manganic acid lithium (LiMn 204) reacted 
easily with the electrolytic solution, and self-discharge was carried out, consequently gas was 
generated, and the problem of degrading a cell property was produced. When especially this 
phenomenon is made to save in the state of discharge, it appears notably. Moreover, manganese 
itself dissolves at the time of elevated-temperature preservation, the problem of generating a lot of 
gas is also produced, and the effective improvement means is not found. 
[0007] 

[The means for solving a technical problem, and its operation and effectiveness] Then, even if it is 
made in order that this invention may solve the above-mentioned technical problem, and it uses a 
manganic acid lithium (LiMn 204) as main positive active material, self-discharge is controlled, and it 
excels in a discharge preservation property and an elevated-temperature preservation property, and 
aims at the nonaqueous electrolyte rechargeable battery whose safety discharge operating potential 
was high, and energy density was high, and improved being obtained. 

[0008] For this reason, he is trying for the nonaqueous electrolyte rechargeable battery of this 
invention to make vinylene carbonate (VC) contain in a non-aqueous solvent while a positive 
electrode is added and mixed and a cobalt acid lithium equips with it the spinel mold manganic acid 
lithium with which a part of crystal lattice was permuted with magnesium or aluminum. In order that 
a spinel mold manganic acid lithium may act as a strong oxidizer, it reacts with the electrolytic 
solution and an electrolyte salt, and generates a lot of gas. Thereby, while changing the configuration 
of a cell by the abnormalities in internal pressure, it generates a liquid spill etc. and not only the 
engine performance of a cell falls, but reduces the safety of a cell. 

[0009] However, by permuting with magnesium or aluminum in a part of crystal lattice, the activity of 
a spinel mold manganic acid lithium is suppressed, and degradation and the generation of gas in 
elevated-temperature charge preservation can be reduced now. Moreover, since a cobalt acid 
lithium has the operation which controls a reaction with the electrolytic solution by adding and 
mixing a cobalt acid lithium, the amount of mixing follows on increasing, the amount of generation of 
gas and a voltage drop fall, and- a capacity maintenance factor and a capacity recovery factor 
increase. And when vinylene carbonate (VC) is made to contain in a non-aqueous solvent, in order 
for this vinylene carbonate to form a decomposition coat mainly on a negative electrode and to 
make a reaction with nonaqueous electrolyte ease, it becomes possible to reduce the amount of 
generation of gas further. As these results, it excels in a discharge preservation property and an 
elevated-temperature preservation property, and the nonaqueous electrolyte rechargeable battery 
whose safety discharge operating potential was high, and energy density was high, and improved 
comes to be obtained. 

[0010] And since the amount of addition / mixing of a cobalt acid lithium follows on increasing and 
the operation as a buffer increases, as for the addition of a cobalt acid lithium, more than 0.05 (5 
mass %) is desirable to the total mass of positive active material. Moreover, generally, since the 
discharge operating potential of a cobalt acid lithium was lower than a manganic acid lithium, when 
the cobalt acid lithium was added to the manganic acid lithium, it was thought that discharge 
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■ operating potential fell from a manganic acid lithium independent, but since the direction of a cobalt 
acid lithium was excellent in electronic conductivity, discharge operating potential became [ the 
direction which added and mixed this ] high. 

[0011] However, if many cobalt acid lithiums are added from 0.3 (30 mass %) to the total mass of 
positive active material, since the effect of a cobalt acid lithium independent will become large and a 
overcharge property will fall, as for the addition, it is desirable to add so that it may become under 
0.3 (30 mass %). When a part of crystal lattice sets to A mass of the spinel mold manganic acid 
lithium permuted with magnesium or aluminum and it sets mass of a cobalt acid lithium to B after all, 
it is desirable to mix so that it may become the range of 0.05 <=B/(A+B) <0.3, and it is good to add 
and mix so that it may be preferably set to 0.05 <=B/(A+B) <0.2. 

[0012] Moreover, although the addition of vinylene carbonate (VC) follows on increasing, the 
thickness of the decomposition coat formed on a negative electrode can increase, a reaction with 
nonaqueous electrolyte can be eased and the amount of generation of gas can be further reduced 
now, when an addition increases too much, the resistance component on the front face of a plate 
will increase. For this reason, it is necessary to regulate to an addition which serves as moderate 
thickness, and, as for vinylene carbonate, it is desirable that it is below 0.03 (3 mass %) to the mass 
of all non-aqueous solvents. 

[0013] Furthermore Magnesium The capacity maintenance factor in the elevated temperature (60 
degrees C) over the atomic ratio (Li+Mg) (/Mn or (Li+aluminum) /Mn) of the lithium, the magnesium 
or the lithium to the manganese of the spinel mold manganic acid lithium permuted with aluminum, 
and aluminum or by experiment When asked, the capacity maintenance factor at the time of an 
elevated temperature became large so that the atomic ratio became large, but even if the atomic 
ratio became larger than 0.62, the capacity maintenance factor in an elevated temperature did not 
become large any more. On the other hand, since the amount of positive-active-material specific 
volume became small as the atomic ratio became large, as for the upper limit of an atomic ratio 
(Li+Mg) (/Mn or (Li+aluminum) /Mn), carrying out to 0.62 or less is desirable. 
[0014] Moreover, if an atomic ratio (Li+Mg) (/Mn or (Li+aluminum) /Mn) becomes small, the 
manganese dissolution in an elevated temperature becomes large, on a negative electrode, 
manganese will deposit and a surface state will get worse. For this reason, although vinylene 
carbonate electrolyzes by the negative-electrode side, a coat is formed on a negative electrode and 
the manganese dissolution is prevented by adding vinylene carbonate to the electrolytic solution, in 
the field where the manganese dissolution is larger, the effect of the dissolution of manganese 
appears more than the amount of coat formation on the negative electrode by vinylene carbonate 
strongly, and a capacity maintenance factor falls to it rapidly. This is considered that atomic ratios 
(Li+Mg) (/Mn or (Li+aluminum) /Mn) are the 0.54 neighborhoods. If the addition of vinylene 
carbonate increases, it will be thought that it shifts to a smaller value side, but since the bad 
influence by the increment in a vinylene carbonate addition is also produced, as for the lower limit of 
an atomic ratio (Li+Mg) (/Mn or (Li+aluminum) /Mn), 0.54 or more are desirable. It is desirable to 
choose from the thing of a value to which an atomic ratio serves as relation of 0.54 <=(Li+M (M=Mg, 
aluminum))/Mn<=0.62 from the above thing, and to use after all. 

[0015] The positive electrode which added and mixed the cobalt acid lithium has the big description 
to it being not only applicable to the nonaqueous electrolyte rechargeable battery which used the 
organic electrolytic solution, but it being applicable to the nonaqueous electrolyte cell using a solid 
polymer electrolyte in the spinel mold manganic acid lithium permuted with the magnesium or 
aluminum of this invention. This produces a problem in respect of ******, if a solid polymer 
electrolyte is in the positive electrode which used independently the spinel mold manganic acid 
lithium permuted with magnesium or aluminum since viscosity was large as compared with the 
electrolytic solution. However, if it is in the spinel mold manganic acid lithium permuted with 
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% magnesium or aluminum at the positive electrode which added and mixed the cobalt acid lithium, 
since thickness of a positive electrode can be made thin, the point of ****** can be canceled. 
[0016] And the solid electrolyte made into gel as a giant-molecule solid electrolyte combining a 
polycarbonate system solid-state giant molecule, a polyacrylonitrile system solid-state giant 
molecule and the copolymer that consists of these two or more sorts or the giant molecule which 
constructed the bridge, the giant molecule chosen from a fluorine system solid-state giant molecule 
like polyvinylidene fluoride (PVdF), lithium salt, and the electrolytic solution is desirable. 
[0017] 

[Embodiment of the Invention] Subsequently, the gestalt of operation of this invention is explained 
below. 

1. The magnesium permutation spinel mold manganic-acid lithium expressed with positive-electrode 
Li1.07Mn1.89Mg 0.04O4 using the production (1) magnesium permutation spinel mold manganic-acid 
lithium of a positive electrode and the cobalt acid lithium expressed with LiCo02 mixed so that it 
might become a predetermined mass ratio, and these filled up with the mixed powder which added 
and mixed the carbon electric-conduction agent and the graphite of optimum dose in mixed 
equipment (for example, Hosokawa Micron mechano fusion equipment (AM-15F)). Operated this for 
10 minutes at per minute 1500 times of rotational frequencies (1500rpm) f compression, the impact, 
and the shear operation were made to cause, and it mixed, and considered as mixed positive active 
material. By this mixing, a cobalt acid lithium will be in the condition of having contacted electrically, 
to a magnesium permutation spinel mold manganic acid lithium, subsequently, this mixed positive 
active material — a fluororesin system binder — a fixed rate — mixing — a positive electrode — it 
considered as the mixture, subsequently, this positive electrode — both sides of the 
positive-electrode charge collector which consists of aluminum foil were plastered with the mixture, 
and after drying, it rolled out in predetermined thickness and considered as the positive-electrode 
plate x using a magnesium permutation spinel mold manganic acid lithium. 

[0018] In addition, the magnesium permutation spinel mold manganic acid lithium expressed with 
Li1.07Mn1.89Mg 0.04O4, It is the mixing ratio (in addition) of 100:0 about the cobalt acid lithium 
expressed with LiCo02. What was mixed and produced is used as the positive-electrode plate x1. 
what this mixing ratio expresses a mass ratio and expresses a mass ratio altogether below — 
carrying out — Make into positive-electrode plate x2 what was mixed and produced with the mixing 
ratio of 95:5, and what was mixed and produced with the mixing ratio of 90:10 is used as the 
positive-electrode plate x3. What was mixed and produced with the mixing ratio of 80:20 was used 
as the positive-electrode plate x4, what was mixed and produced with the mixing ratio of 70:30 was 
used as the positive-electrode plate x5, and what was mixed and produced with the mixing ratio of 
0:100 was used as the positive-electrode plate x6. 

[0019] (2) The aluminum permutation spinel mold manganic-acid lithium expressed with 
positive-electrode Li1 .07Mn1 .89aluminum 0.04O4 using an aluminum permutation spinel mold 
manganic acid lithium and the cobalt acid lithium expressed with LiCo02 were mixed so that it might 
become a predetermined mass ratio, and these were filled up with the mixed powder which added 
and mixed the carbon electric conduction agent and the graphite of optimum dose in mixed 
equipment (for example, Hosokawa Micron mechano fusion equipment (AM-15F)). Operated this for 
10 minutes at per minute 1500 times of rotational frequencies (1500rpm), compression, the impact, 
and the shear operation were made to cause, and it mixed, and considered as mixed positive active 
material. By this mixing, a cobalt acid lithium will be in the condition of having contacted electrically, 
to an aluminum permutation spinel mold manganic acid lithium, subsequently, this mixed positive 
active material — a fluororesin system binder — a fixed rate — mixing — a positive electrode — it 
considered as the mixture, subsequently, this positive electrode — both sides of the 
positive-electrode charge collector which consists of aluminum foil were plastered with the mixture, 
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• and after drying, it rolled out in predetermined thickness and considered as the positive-electrode 
plate y using an aluminum permutation spinel mold manganic acid lithium. 

[0020] In addition, the aluminum permutation spinel mold manganic acid lithium expressed with 
Li1.07Mn1.89aluminum 0.04O4, What mixed and produced the cobalt acid lithium expressed with 
LiCo02 with the mixing ratio of 100:0 is used as the positive-electrode plate y1. Use as the 
positive-electrode plate y2 what was mixed and produced with the mixing ratio of 95:5 t and what 
was mixed and produced with the mixing ratio of 90:10 is used as the positive-electrode plate y3. 
What was mixed and produced with the mixing ratio of 80:20 was used as the positive-electrode 
plate y4, what was mixed and produced with the mixing ratio of 70:30 was used as the 
positive-electrode plate y5, and what was mixed and produced with the mixing ratio of 0:100 was 
used as the positive-electrode plate y6. 

[0021] (3) The spinel mold manganic acid lithium expressed with positive-electrode Li1.09Mn 1.9104 
using a non-permuted spinel mold manganic acid lithium and the cobalt acid lithium expressed with 
LiCo02 were mixed so that it might become a predetermined mass ratio, and these were filled up 
with the mixed powder which added and mixed the carbon electric conduction agent and graphite of 
optimum dose in mixed equipment (for example, Hosokawa Micron mechano fusion equipment 
(AM-15F)). Operated this for 10 minutes at per minute 1500 times of rotational frequencies 
(1500rpm), compression, the impact, and the shear operation were made to cause, and it mixed, and 
considered as mixed positive active material. By this mixing, a cobalt acid lithium will be in the 
condition of having contacted electrically, to a manganic acid lithium, subsequently, this mixed 
positive active material — a fluororesin system binder — a fixed rate — mixing — a positive 
electrode — it considered as the mixture, subsequently, this positive electrode — both sides of the 
positive-electrode charge collector which consists of aluminum foil were plastered with the mixture, 
and after drying, it rolled out in predetermined thickness and considered as the positive-electrode 
plate z using a non-permuted spinel mold manganic acid lithium. 

[0022] In addition, the spinel mold manganic acid lithium expressed with Li1.09Mn 1.9104, What 
mixed and produced the cobalt acid lithium expressed with LiCo02 with the mixing ratio of 1 00:0 is 
used as the positive-electrode plate zl. Use as the positive-electrode plate z2 what was mixed and 
produced with the mixing ratio of 95:5, and what was mixed and produced with the mixing ratio of 
90:10 is used as the positive-electrode plate z3. What was mixed and produced with the mixing ratio 
of 80:20 was used as the positive-electrode plate z4, what was mixed and produced with the mixing 
ratio of 70:30 was used as the positive-electrode plate z5, and what was mixed and produced with 
the mixing ratio of 0:100 was used as the positive-electrode plate z6. 

[0023] 2. the negative-electrode active material and rubber system binder which may be inserted 
and desorbed from the production lithium ion of a negative electrode, and water — mixing — a 
negative electrode — consider as a mixture, this negative electrode — after plastering with a 
mixture both sides of the negative-electrode charge collector which consists of copper foil, it rolled 
out and considered as the negative-electrode plate. In addition, as a negative-electrode active 
material, the carbon system ingredient which may be inserted and desorbed from a lithium ion, for 
example, graphite, carbon black, corks, glassy carbon, carbon fibers, or these baking objects are 
suitable. Moreover, the oxide which may be inserted and desorbed from lithium ions, such as tin 
oxide and titanium oxide, may be used. 

[0024] 3. 0.02 (2 mass %) addition of an one mol [/I. ] 6 phosphorus-fluoride acid lithium (LiPF6) and 
the vinylene carbonate (VC) was carried out with the mass ratio to all solvents as an electrolyte 
salt and the electrolytic solution alpha was adjusted to the mixed solvent which mixed the 
electrolytic-solution ethylene carbonate (EC) and diethyl carbonate (DEC) which added the 
adjustment (1) vinylene carbonate (VC) of the electrolytic solution so that it might be set to 3:7 by 
the volume ratio. 
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" [0025] (2) The one mol [A ] 6 phosphorus-fluoride acid lithium (LiPF6) was added to the mixed 
solvent mixed so that vinylene carbonate (VC) might be set to 3:7 by the volume ratio in 
electrolytic-solution one side, additive-free ethylene carbonate (EC), and additive-free diethyl 
carbonate (DEC) as an electrolyte salt, and the electrolytic solution beta was adjusted to it. 
[0026] In addition, what used the aprotic solvent without the capacity which supplies a hydrogen ion, 
for example, mixed dimethyl carbonate (DMC) and ethyl methyl carbonate (EMC) in addition to what 
mixed diethyl carbonate (DEC) to the ethylene carbonate (EC) mentioned above as a mixed solvent 
can be used. Moreover, about the mixing ratio, what mixed one sort chosen from DEC, DMC, and 
EMC to EC in 5:95-60:40 can be used. Moreover, as an electrolyte, LiPF6-X(C2F5) X, the imide salt 
represented by LiBF4, LiCI04, and LiN (S02C2F5)2 can be used in addition to LiPF6 mentioned 
above. 

[0027] 4. While attaching the lead in each positive-electrode plates x1-x6 which are the production 
****s of a lithium ion trial cell, and were made and produced, y1-y6, and z1-z6, respectively, the 
lead was attached in the negative-electrode plate produced as mentioned above, each forward [ 
these ] and negative-electrode plates were spirally wound through the separator made from 
polypropylene, and it considered as each spiral electrode object. Each lead was connected to the 
positive-electrode terminal or the negative-electrode terminal after inserting each of these spiral 
electrode objects in each cell sheathing can. After pouring in the electrolytic solution alpha adjusted 
as mentioned above in this sheathing can, or the electrolytic solution beta, respectively, it obturated 
and each trial cells A1-A6 of nominal capacity 500mAH f B1 - B6 f C1-C6, D1-D6, E1-E6, and F1-F6 
were constituted. In addition, the configuration of a cell may be a thin shape, may be a square shape, 
or may be cylindrical, or what kind of configuration is sufficient as it, and there is especially no limit 
also about the size. 

[0028] The lithium ion trial cell produced here using the electrolytic solution alpha while using the 
positive-electrode plates x1-x6 is used as cells A1-A6. While using the positive-electrode plates 
y1-y6, the lithium ion trial cell produced using the electrolytic solution alpha was made into a cell B1 
- B6, and while using the positive-electrode plates z1-z6, the lithium ion trial cell produced using 
the electrolytic solution alpha was used as cells C1-C6. Moreover, the lithium ion trial cell produced 
using the electrolytic solution beta while using the positive-electrode plates x1-x6 is used as cells 
D1-D6. While using the positive-electrode plates y1-y6, the lithium ion trial cell produced using the 
electrolytic solution beta was used as cells E1-E6, and while using the positive-electrode plates 
z1-z6, the lithium ion trial cell produced using the electrolytic solution beta was used as cells F1-F6. 
[0029] 5. after [ Trial (1) Charge ] Elevated-Temperature Retention Test — Each Cells A1-A6 
Produced as Mentioned above, B1 - B6. C1-C6 and D1-D6, E1-E6, and F1-F6 It charges to 4.2V 
according to the 500mA (1C) charging current in the ambient atmosphere of a room temperature. 
After carrying out 4.2V constant-potential charge until the charging current was set to 25mA or less 
after 4.2V attainment, it stopped for 10 minutes and the 4.2V-500mA constant 
current-constant-potential charge and 500mA constant-current discharge which are made to 
discharge until discharge final voltage is set to 3.0V by the 500mA (1C) discharge current were 
performed. Thus, after carrying out 4.2V constant-potential charge until it charged to 4.2V according 
to the 500mA (1C) charging current in the ambient atmosphere of a room temperature and the 
charging current was set to 25mA or less after 4.2V attainment, after performing charge and 
discharge, it saved for 20 days in the 60-degree C ambient atmosphere. 

[0030] After measuring the cell voltage (V) and the amount of generation of gas (ml) of each cells 
A1-A6 after preservation, B1 - B6, C1-C6 and D1-D6, E1-E6, and F1-F6, From the charging time 
value at the time of making it discharge until discharge final voltage is set to 3.0V by the 500mA 
(1C) discharge current, preservation afterdischarge capacity was calculated and the capacity 
maintenance factor (%) was computed in quest of the ratio to initial capacity. Moreover, the charge 
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1 and discharge of this were carried out again, from the charging time value, recovery capacity was 
calculated and the capacity recovery factor (%) was computed in quest of the ratio to initial 
capacity. These results were shown in the following Table 1 and 2. Moreover, when the relation 
between the addition (the amount of mixing) (%) of each cells A1-A6 after charge preservation, B1 - 
B6, and the cobalt acid lithium of F1-F6 and the amount of generation of gas (ml) was expressed 
with the graph, a result as shown in drawing 1 was brought. 
[0031] 
[Table 1] 
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[0032] 
[Table 2] 
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[0033] When only a non-permuted manganic acid lithium is used as positive active material so that 
clearly from above-mentioned Table 1 and 2 (cells C1 and F1 using a positive electrode z1), it turns 
out that there is much generation of gas. This is considered that it reacted with the electrolytic 
solution and an electrolyte salt, and generated a lot of gas since a manganic acid lithium had the 
capacity as the strong oxidizer. Thereby, while changing the configuration of the cell not only using 
the cell using a lamination sheathing object but a hard case, it becomes causes, such as 
abnormalities in internal pressure, and a liquid spill, and the dependability of a cell is made to fall 
greatly. 

[0034] On the other hand, by performing a magnesium permutation (the cell A1 using positive 
electrodes x1-x5 - A5, and D1-D5), or an aluminum permutation (the cell B1 using positive 
electrodes y1-y5 - B5, and E1-E5), the activity of a manganic acid lithium is suppressed and 
degradation and the generation of gas in elevated-temperature charge preservation can be reduced. 
Moreover, by mixing with a cobalt acid lithium, the amount of mixing followed on increasing (x1 ->x6, 
y1 ->y6, z1 ->z6), the amount of generation of gas and the voltage drop fell, and a result to which a 
capacity maintenance factor and a capacity recovery factor increase was brought. If this mixes a 
cobalt acid lithium, it will be thought that it acted as a buffer and the generation of gas reduced it in 
order that a cobalt acid lithium might ease a reaction with the electrolytic solution more. 
[0035] And the manganic acid lithium of a magnesium permutation or an aluminum permutation is 
used as positive active material. When vinylene carbonate (VC) is added in a solvent (the cell A1 
using the electrolytic solution alpha - A5, B1 - B5), This manganic acid lithium by which the 
magnesium permutation or the aluminum permutation was carried out controls the activity of a 
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1 manganic acid lithium. The polymerization decomposition reaction on the positive electrode of 
vinylene carbonate is controlled, and a good coat can be formed on a negative electrode by 
electrolyzing vinylene carbonate by the negative-electrode side. 

[0036] However, even if it is the case where some manganic acid lithiums are permuted with 
magnesium or aluminum Although a good coat can be formed on a negative electrode by controlling 
the polymerization decomposition reaction on the positive electrode of vinylene carbonate, and 
electrolyzing vinylene carbonate by the negative-electrode side when only the manganic acid lithium 
is used for a positive electrode (cells A1 and B1 using positive electrodes x1 and y1) Since positive 
active material like charge disassembles the electrolytic solution on a positive electrode and 
generates a lot of gas by the oxidation in the activity condition especially, the effectiveness of 
generation-of-gas reduction is hard to be acquired. 

[0037] (2) an after [ discharge ] elevated-temperature retention test — each cells A1-A6 produced 
as mentioned above, B1 - B6, C1-C6 and D1-D6, E1-E6, and F1-F6 It charges to 4.2V according to 
the 500mA (1C) charging current in the ambient atmosphere of a room temperature. After carrying 
out 4.2V constant-potential charge until the charging current is set to 25mA or less after 4.2V 
attainment, After performing the 4.2V-500mA constant current-constant-potential charge and 
500mA constant-current discharge which are made to discharge until it makes it stop for 10 minutes 
and discharge final voltage is set to 3.0V by the 500mA (1C) discharge current, When it saved for 20 
days in the 60-degree C ambient atmosphere and the cell voltage and the amount of generation of 
gas of each cells A1-A6 after preservation, B1 - B6, C1-C6 and D1-D6, E1-E6, and F1-F6 were 
measured, a result as shown in the following Table 3 and 4 was brought. Moreover, when the relation 
between the addition (the amount of mixing) (%) of each cells A1-A6 after discharge preservation, 
B1 - B6, and the cobalt acid lithium of F1-F6 and the amount of generation of gas (ml) was 
expressed with the graph, a result as shown in drawing 2 was brought. 
[0038] 
[Table 3] 



21 



9/14/2006 5:13 PN> 



,2001-!43705,A [DETAILED DESCRIPTION] http://ww4jpdLncipi.gojp/cgi-bin/tran_web_cgi_ejj 



«*6 
Sk$B 

IB J *f* 




tot 


\ v / 


VIII 1 / 




A 1 


V 1 


G> 


1 9 0 

X « £t U 


4 A 


Q 4 


A 9 


v 9 

A & 


cz 


u « o o 


o . o 


Q R 

y o 


A 1 


A. O 


Ct 


o 9 o 
u . ^ y 


1 R 
1 . 0 


y o 


A 4 


x 4 

A ** 


Q 


n 9i 

U . Ca I 


1 1 

X • X 


y o 




A *J 


Ct 


w . 1 O 


u . y 






A U 


CZ 


f\ 11 
U - 11 


rt <^ 
u . o 


Q 7 

y r 


R 1 


v 1 

y a 


Ct 


1 9 7 


o . u 


y 4 


R 9 


v 9 


Ct 


n fi ^ 
u . o o 


^ 4 


y o 


R Q 


y & 




0 ^ 1 


1 Q 
X . y 


y o 


R 4 


v 4 

y 




fi 9 O 


1 9 


Q C 

y o 


R R 


y *> 


oc 


n ii 

V . XX 


i n 

X . XI 


y o 


R fi 


y o 


or 


n ii 

v . XI 


U . D 


Q 7 

y i 


C 1 


z 1 


Of 


3 4 S 




Q 9 


C 2 


z 2 


Of 




fi 9 


3 O 


C 3 


z 3 


Of 


l no 


1 R 
o . o 




C 4 


z 4 


a 


0 . 4 2 


2 . 1 


9 4 


C 5 


z 5 


a 


0-38 


1. 9 


9 4 


C 6 


z 6 


a 


0. 1 1 


0. 5 


9 7 



[0039] 
[Table 4] 
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[0040] Especially by the cell (cells C1 and F1 using a positive electrode z1) which used the 
non-permuted manganic acid lithium for the positive electrode, there is much generation of gas in 
the preservation after elevated-temperature discharge. Manganese dissolves out of a crystal lattice 
(ionization), since an electron is consumed and it deposits on a negative electrode, the potential of a 
negative electrode rises, and since decomposition reactions, such as the electrolytic solution on the 
negative electrode by potential rise and an electrolyte salt, arose as a result, this is considered. 
Especially a manganic acid lithium is in the condition of being easy to carry out a potential rise, from 
there being much frequency which manganese dissolves [ the direction of the condition near a 
discharge condition ] out of a crystal lattice, and a negative electrode having few residual lithiums. 
[0041] On the other hand, it is an inadequate improvement, although the frequency of the dissolution 
decreases compared with a non-permuted manganic acid lithium (cell using a positive electrode z1) 
and the generation of gas is reduced as a result in the magnesium permutation manganic acid lithium 
(cells A1 and D1 using a positive electrode x1), or the aluminum permutation manganic acid lithium 
(cells B1 and E1 using a positive electrode y1), since stabilization of a crystal lattice is made. 
However, like cell B-2 using the cells A2-A6 using positive-electrode x2-x6, or positive electrodes 
y2-y6 - B6, the amount of addition / mixing of a cobalt acid lithium follows on increasing, and the 
amount of generation of gas is reduced. By adding and mixing a cobalt acid lithium, since the 
manganese dissolution was buffered, although this is considered, it is unknown for details. 
[0042] And since the decomposition coat of vinylene carbonate is formed mainly on a negative 
electrode and the direct deposit on the negative electrode of manganese is buffered by adding 
vinylene carbonate (VC) in a solvent like the cells A1-A6 using the electrolytic solution alpha, B1 - 
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B6, and C1-C6, a potential rise of a negative electrode is controlled and the amount of generation of 
gas is reduced still more sharply. However, like the cell C1 using a positive electrode z1, when only a 
non-permuted manganic acid lithium is used for a positive electrode, since it is decomposed by the 
oxidation on a positive electrode, vinylene carbonate is mutually consumed by it in a form like 
polymerization decomposition, and vinylene carbonate cannot form a coat easily on a negative 
electrode due to it. Consequently, the effectiveness of generation-of-gas reduction is hard to be 
acquired. 

[0043] however, like the cells A1-A6 using positive electrodes x1-x6 or the cell B1 using positive 
electrodes y1-y6 - B6 When some manganese is permuted with magnesium or aluminum Since it has 
the property in which magnesium or aluminum itself is excellent in corrosion resistance, in order to 
control the oxidation in a manganic acid lithium positive-active-material front face and to check 
polymerization decomposition of the vinylene carbonate by oxidization, It is thought that the 
decomposition coat of the good vinylene carbonate on a negative electrode can be formed. 
[0044] Moreover, as for decomposition of vinylene carbonate, decomposition usually advances by 
the rise of potential at the time of early charge. Consequently, a decomposition coat is formed on a 
negative electrode. However, as for a manganic acid lithium, coat formation of a up to [ a negative 
electrode ] cannot take place easily due to the vinylene carbonate polymerization decomposition 
reaction by decomposition of the vinylene carbonate by potential rise and the oxidation of positive 
active material competing, going on, and the oxidative degradation by positive active material having 
priority and happening, since electronic conductivity is low compared with a cobalt acid lithium etc. 
Here, when some manganese is permuted with magnesium or aluminum, the improvement in 
electronic conductivity cannot be expected so much, but since the oxidation of positive active 
material can be buffered, the vinylene carbonate decomposition by potential rise has priority and 
advances, and it is thought that coat formation of a up to [ a negative electrode ] was able to be 
performed easily. 

[0045] therefore, like the cells C1-C6 using positive electrodes z1-z6, when a non-permuted 
manganic acid lithium is used for positive active material Although the addition effectiveness of 
vinylene carbonate does not show up since a decomposition coat cannot be formed on a negative 
electrode even if it adds vinylene carbonate to the electrolytic solution Like the cells A1-A6 using 
positive electrodes x1-x6 or the cell B1 using positive electrodes y1-y6 - B6, if the oxidation of a 
manganic acid lithium is reduced by the magnesium permutation or the aluminum permutation, a 
decomposition coat can be formed. 

[0046] Consequently, the cell which used as positive active material the manganic acid lithium which 
permuted some manganese with magnesium or aluminum can control the phenomenon of the 
electrolytic-solution decomposition by potential rise of the deposit -> negative electrode on the 
manganese dissolution -> negative electrode at the time of the discharge preservation in an 
elevated temperature, and can realize now large generation-of-gas control. Moreover, it is effective 
especially in order to reduce the amount of generation of gas at the time of the charge preservation 
in an elevated temperature with little effectiveness only by addition of vinylene carbonate by adding 
and mixing a cobalt acid lithium so that clearly from drawing 1 and drawing 2 . 
[0047] 6. It turned out that the amount of generation of gas generated at the time of 
elevated-temperature preservation decreases as the amount of mixing of a cobalt acid lithium 
increased from the result of drawing 1 in which the addition of a cobalt acid lithium carried out 
examination ****, and the elevated-temperature retention test of drawing 2 . However, since it was 
expected that a overcharge-proof property falls as the amount of mixing of a cobalt acid lithium 
increased, the overcharge trial was performed as follows and the overcharge-proof property was 
examined. Here, the cell was constituted, using magnesium permutation manganic acid lithium 
Li1.07Mn1.89Mg 0.04O4 and aluminum permutation manganic acid lithium Li1.07Mn1.89aluminum 
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• 0.04O4 as a manganic acid lithium of a positive electrode. 
[0048] This overcharge trial performed every 15 cells each using a circuit where the charging 
current is omitted, when it charged by the charging current (500mA (1C) and 1500mA (3C)) and cell 
voltage was set to 12V. Hereafter, the result of having observed the abnormalities in a cell 
(generating of actuation of a cell relief valve, a liquid spill, etc.) by addition (cell using the electrolytic 
solution alpha) of vinylene carbonate and additive-free (cell using the electrolytic solution beta) is 
shown in Table 5. In addition, it is shown that abnormalities did not produce all 15 0 marks in Table 
5, ** mark shows that some produced abnormalities (the numeric value in a parenthesis, in addition, 
shows the number of the cell by which abnormalities were accepted) among 15 pieces, and it is 
shown that abnormalities produced x mark in all 15 pieces. 
[0049] 
[Table 5] 





L1C0O1CD 


m 

M 


m % m 


m 


iB % n 




m 




m 


1 c 


3 c 


m 
m 


1 C 


3 C 


Lli.irMlli.llMgo.MO> 


0 


a 


0 


0 


8 


O 


O 


L 1 1. uMiii. nMgo. w0< 


0 


. 0 5 


a 


0 


0 


8 


O 


O 


LI i. 01M1i1.nMg4.MO4 


0 


. 1 


a 


0 


0 


8 


O 


O 


LiLt1Mn1.nMgo.MO4 


0 


. 2 


a 


0 


0 


8 


O 


A (4) 


Li1.1rMnt.nMgo.MO4 


0 


. 3 


a 


0 


A(l) 


e 


O 


X 


L i i orMni. nMgo. 04O. 


0 


. 4 


a 


0 


A (6) 


8 


O 


X j 


L i i.orMni. tiMgiMOi 


0 


. 5 


a 


0 


X 1 


8 


O 


X 


Li i.orMni. nMgo. o«0« 


1 


. 0 


a 


0 


X 


8 


O 


X 


Lii.orMni.ooAloooOo 


0 


a 


0 


0 


8 


O 


0 


L i 1 orMn1.nAlo.04O4 


0 


. 0 5 


a 


0 


0 ! 


8 


O 


0 


Li10rMn1.nAlo.04O4 


0 


. 1 


a 


0 


0 


8 


O 


0 


L i i.orMni. ooAIomOo 


0 


. 2 


a 


0 


0 


^ i 


O 


A (7) 


Li i.orMni. hAUmOo 


0 


. 3 


a 


0 


A (2) 


8 


O 


X 


Li i.orMni. toA I ohOi 


0 


. 4 


a 


0 


AO) 


8 


O 


X 


Li1.0rMn1.nAU.MO4 


0 


. 5 


a 


0 


X 


8 


O 


X 


L i i.orMni. tiAlo t<0< 


1 


. 0 


a 


0 


X 


8 


O 


X 



[0050] It had set to overcharge of 1C and abnormalities did not produce the cell of a gap, either, so 
that clearly from the above-mentioned table 5. However, in overcharge of 3C, to abnormalities 
having not arisen in mixing to 10 mass % considered for there to be little engine-performance rule of 
a cobalt acid lithium, when the amount of mixing became more than 30 mass %, abnormalities 
occurred. Moreover, there were what abnormalities produced as the amount of mixing is 20 mass %, 
and a thing which was not produced. On the other hand, to the amount of mixing of a cobalt acid 
lithium having set by 20 mass %, and abnormalities having not arisen, when vinylene carbonate was 
added (cell using the electrolytic solution alpha), when the amount of mixing became more than 50 



/2\ 



9/14/2006 5:13 PIV 



,200M43705,A [DETAILED DESCRIPTION] 



http://www4.ipdI.ncipi.go.jp/cgi-bin/tran_web_cgi_ejj 



* mass %, abnormalities occurred. Moreover, there were what abnormalities produced as the amount of 
mixing is 30 mass % - 40 mass %, and a thing which was not produced. Also from this, it can be said 
that it is desirable to carry out to under 30 mass % as for the amount of mixing of a cobalt acid 
lithium. 

[0051] Moreover, when 3C overcharge property by the difference in the existence of vinylene 
carbonate (VC) addition was measured by the cell using the positive electrode which made the 
amount of mixing of a cobalt acid lithium 20 mass %, a result as shown in drawing 3 (VC 
additive-free) and drawing 4 (VC is added 2%) was brought In addition, in drawing 3 and drawing 4 , 
although only the data of the cell using a magnesium permutation manganic acid lithium were shown, 
the inclination with the same said of the cell using an aluminum permutation manganic acid lithium 
was accepted. 

[0052] The skin temperature of a cell had cell voltage as low as 80-degree-C order at the time of 
1 2 V attainment, after the cut of the charging current, the temperature rise is only carried out by 
remaining heat, and heat dissipation was gradually performed by addition of vinylene carbonate so 
that drawing 3 and drawing 4 might show. On the other hand, when vinylene carbonate was not 
added and cell voltage was 12V, cell skin temperature is already over 150 degrees C, the relief valve 
operated and radiated heat, and cell temperature descended rapidly. Thus, since a coat is formed in 
an electrode surface of addition of vinylene carbonate, the reaction of an active material, and the 
electrolytic solution and an electrolyte is eased by it, and it is thought that it buffers the thermal run 
away at the time of overcharge. From the above result, under 30 mass % of the amount of mixing of 
a cobalt acid lithium is desirable, and it can be said that it is desirable and below 20 mass % is 
desirable. 

[0053] 7. Use Examination Magnesium Permutation Spinel Mold Manganic Acid Lithium 
Li1.07Mn1.89Mg 0.04O4 of Addition of Vinylene Carbonate, and Aluminum Permutation Spinel Mold 
Manganic Acid Lithium Li1.07Mn1.89Aluminum 0.04O4 for the Main Positive Active Material. If the 
addition (this addition, in addition, shows the rate (%) to the mass of all solvents) of vinylene 
carbonate is changed and the same elevated-temperature retention test as **** is performed by 
the cell using a mixed positive electrode (amount of mixing 20 mass %) with LiCo02 It became 
resulting as shown in the following Table 6 and 7. In addition, it charges to 4.2V like ****, and Table 
6 shows a voltage drop, the amount of generation of gas, a capacity maintenance factor, and a 
capacity recovery factor after saving for 20 days at 60 degrees C, makes Table 7 discharge to 3.0V, 
and shows a voltage drop, the amount of generation of gas, and a capacity recovery factor after 
saving for 20 days at 60 degrees C. 
[0054] 
[Table 6] 
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[0055] 
[Table 7] 



mm 
mm 


Jrag(%) 


(V) 


(mi) 


& (%) 


D 3 


0 


0.37 


1 . 9 


9 4 


A 7 


1 


0 . 2 9 


1. 3 


9 5 


A3 


2 


0.2 1 


1 . 1 


9 5 


A 8 


3 


0.21 


1 . 1 


9 5 


A 9 


5 


0.19 


1. 0 


9 5 


E 3 


0 


0.3 9 


2. 0 


9 4 


B 7 


1 


0. 3 1 


1. 4 


9 5 


B 3 


2 


0 . 2 3 


1 . 2 


9 5 


B 8 


3 


0 . 2 2 


1 . 1 


9 5 


B 9 


5 


0.20 


1. 0 


9 5 



[0056] While the generation of gas is controlled by adding vinylene carbonate in a solvent so that 
clearly from the above-mentioned tables 6 and 7, it turns out that a capacity maintenance factor 
and a capacity recovery factor improve. 

[0057] Use magnesium permutation spinel mold manganic acid lithium Li1.07Mn1.89Mg 0.04O4 for 
the main positive active material, and by moreover, the cell using a mixed positive electrode (amount 
of mixing 20 mass %) with LiCo02 Change the addition of vinylene carbonate and it charges to 4.2V 
according to the 500mA (1C) charging current in a 60-degree C ambient atmosphere. After carrying 
out 4.2V constant-potential charge until the charging current is set to 25mA or less after 4.2V 
attainment, It stopped for 10 minutes and the charge-and-discharge cycle trial of making it 
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' discharge until discharge final voltage is set to 3.0V by the 500mA (1C) discharge current was 
performed, and when the discharge capacity in each cycle was measured and having been asked for 
the capacity maintenance factor, a result as shown in drawing 5 was brought. Moreover, aluminum 
permutation spinel mold manganic acid lithium Li1.07Mn1.89aluminum 0.04O4 was used for the main 
positive active material, and when carried out by having changed the addition of vinylene carbonate, 
the charge-and-discharge cycle trial at 60 degrees C was performed, the discharge capacity in each 
cycle was measured similarly and it asked for the capacity maintenance factor by the cell using a 
mixed positive electrode (amount of mixing 20 mass %) with LiCo02, a result as shown in drawing 6 
was brought. 

[0058] By adding vinylene carbonate (VC) in a solvent shows that the capacity maintenance factor 
with a cycles [ of 300 ] of 60 degrees C after improves so that clearly from drawing 5 and drawing 6 
. And when the addition of vinylene carbonate (VC) becomes extent 3% (3 mass %) to the mass of all 
solvents, it turns out that improvement in a capacity maintenance factor decreases. 
[0059] Moreover, magnesium permutation spinel mold manganic acid lithium Li1.07Mn1.89Mg 0.0404 
or aluminum permutation spinel mold manganic acid lithium Li1.07Mn1.89aluminum 0.04O4 is used for 
the main positive active material. The addition of vinylene carbonate (VC) is changed by the cell 
using a mixed positive electrode (amount of mixing 20 mass %) with LiCo02. - Charge to 4.2V 
according to the 500mA (1C) charging current in a 10-degree C ambient atmosphere. After carrying 
out 4.2V constant-potential charge until the charging current was set to 25mA or less after 4.2V 
attainment, it stopped for 10 minutes, and when it was made to discharge until discharge final 
voltage was set to 3.0V by the 500mA (1C) discharge current, and discharge capacity was measured, 
a result as shown in drawing 7 was brought. 

[0060] When the addition of vinylene carbonate increases more than 3% (3 mass %) so that clearly 
from this drawing 7 , it turns out that the discharge property in -10 degrees C is falling. If an 
addition increases and this is not the addition which has moderate thickness since the so-called 
resistance component on the front face of a plate increases, conversely, the effectiveness of mere 
coat increase will show up strongly, and it will be considered for reducing a discharge property 
greatly. If the addition of vinylene carbonate increases from this with regards to the thickness of the 
coat which generates the addition of vinylene carbonate on a plate, it can be said that the coat 
formed in a plate front face increases, the operating potential at the time of discharge falls, and low 
temperature and the property in high current discharge fall especially. From these results, it can be 
said that it is desirable that it is below 3% (3 mass %) to the mass of all solvents as for the addition 
of vinylene carbonate. 

[0061] 8. Iron Permutation Spinel Mold Manganic Acid Lithium Expressed with Examination (1) Iron 
Permutation Manganic Acid Lithium Li1.07Mn1.89Fe 0.04O4 of Permutation Element of Manganic 
Acid Lithium, Mix the cobalt acid lithium expressed with LiCo02 so that it may become a mass ratio 
as shown in the following table 8, and the carbon electric conduction agent and graphite of optimum 
dose are added and mixed at these, this mixing positive active material after producing mixed 
positive active material like **** — a fluororesin system binder — a fixed rate — mixing — a 
positive electrode — it considered as the mixture, subsequently, this positive electrode — both 
sides of the positive-electrode charge collector which consists of aluminum foil were plastered with 
the mixture, and after drying, it rolled out in predetermined thickness and considered as the 
positive-electrode plate using an iron permutation spinel mold manganic acid lithium. 
[0062] (2) The cobalt permutation spinel mold manganic acid lithium expressed with cobalt 
permutation manganic acid lithium Li1.07Mn1.89Co 0.04O4, Mix the cobalt acid lithium expressed 
with LiCo02 so that it may become a mass ratio as shown in the following table 8, and the carbon 
electric conduction agent and graphite of optimum dose are added and mixed at these, this mixing 
positive active material after producing mixed positive active material like **** — a fluororesin 
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system binder — a fixed rate — mixing — a positive electrode — it considered as the mixture, 
subsequently, this positive electrode — both sides of the positive-electrode charge collector which 
consists of aluminum foil were plastered with the mixture, and after drying, it rolled out in 
predetermined thickness and considered as the positive-electrode plate using a cobalt permutation 
spinel mold manganic acid lithium. 

[0063] (3) The nickel permutation spinel mold manganic acid lithium expressed with nickel 
permutation manganic acid lithium Li1.07Mn1.89nickel 0.04O4, Mix the cobalt acid lithium expressed 
with LiCo02 so that it may become a mass ratio as shown in the following table 8, and the carbon 
electric conduction agent and graphite of optimum dose are added and mixed at these, this mixing 
positive active material after producing mixed positive active material like **** — a fluororesin 
system binder — a fixed rate — mixing — a positive electrode — it considered as the mixture, 
subsequently, this positive electrode — both sides of the positive-electrode charge collector which 
consists of aluminum foil were plastered with the mixture, and after drying, it rolled out in 
predetermined thickness and considered as the positive-electrode plate using an iron permutation 
spinel mold manganic acid lithium. 

[0064] (4) The magnesium-cobalt permutation spinel mold manganic acid lithium expressed with 
magnesium-cobalt permutation manganic acid lithium Li1.07Mn1.89Mg0.02Co 0.02O4, Mix the cobalt 
acid lithium expressed with LiCo02 so that it may become a mass ratio as shown in the following 
table 8, and the carbon electric conduction agent and graphite of optimum dose are added and 
mixed at these, this mixing positive active material after producing mixed positive active material like 
**** — a fluororesin system binder — a fixed rate — mixing — a positive electrode — it 
considered as the mixture, subsequently, this positive electrode — both sides of the 
positive-electrode charge collector which consists of aluminum foil were plastered with the mixture, 
and after drying, it rolled out in predetermined thickness and considered as the positive-electrode 
plate using a magnesium-cobalt permutation spinel mold manganic acid lithium. 
[0065] (5) The aluminum-cobalt permutation spinel mold manganic acid lithium expressed with 
aluminum-cobalt permutation manganic acid lithium Li1.07Mn1.89aluminumO.02Co 0.02O4, Mix the 
cobalt acid lithium expressed with LiCo02 so that it may become a mass ratio as shown in the 
following table 8, and the carbon electric conduction agent and graphite of optimum dose are added 
and mixed at these, this mixing positive active material after producing mixed positive active 
material like **** — a fluororesin system binder — a fixed rate — mixing — a positive electrode — 
it considered as the mixture, subsequently, this positive electrode — both sides of the 
positive-electrode charge collector which consists of aluminum foil were plastered with the mixture, 
and after drying, it rolled out in predetermined thickness and considered as the positive-electrode 
plate using an aluminum-cobalt permutation spinel mold manganic acid lithium. 
[0066] Subsequently, after producing a lithium ion battery like **** using each of these 
positive-electrode plates, It charges to 4.2V according to the 500mA (1C) charging current in the 
ambient atmosphere of a room temperature like ****. After carrying out 4.2V constant-potential 
charge until the charging current is set to 25mA or less after 4.2V attainment, After performing the 
4.2V-500mA constant current-constant-potential charge and 500mA constant-current discharge 
which are made to discharge until it makes it stop for 10 minutes and discharge final voltage is set 
to 3.0V by the 500mA (1C) discharge current, When it saved for 20 days in the 60-degree C ambient 
atmosphere and the amount of generation of gas of each cell after preservation was measured, a 
result as shown in the following table 8 was brought. 
[0067] 
[Table 8] 
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[0068] Effectiveness [ like the manganic acid lithium which permuted with magnesium (Mg) or 
aluminum (aluminum) ] whose manganic acid lithium which permuted with iron (Fe), cobalt (Co), and 
nickel (nickel) is was not Required so that clearly from the above-mentioned table 8. Although this 
has brought effectiveness greatly to stabilization of the crystal structure of a manganic acid lithium 
by permuting with iron (Fe), cobalt (Co), and nickel (nickel) Since the oxidation of an active material 
cannot be controlled, the vinylene carbonate decomposition by potential rise and the vinylene 
carbonate polymerization decomposition by the oxidation of positive active material compete and 
advance. It thinks because formation of the decomposition coat to a negative-electrode top cannot 
take place easily due to the oxidative degradation by positive active material having priority and 
happening. 

[0069] Moreover, also when the active material which permuted two elements of magnesium (Mg) 
and cobalt (Co) or two elements of aluminum (aluminum) and cobalt (Co) by a part of crystal lattice 
of a spinel mold manganic acid lithium was used, the same effectiveness as the case of a magnesium 
permutation or an aluminum permutation was accepted. Therefore, although extent of 
generation-of-gas control differs even if it permutes other elements in addition to it if the 
magnesium permutation or the aluminum permutation is performed, it can be said that the same 
effectiveness is expectable. 

[0070] By performing mixing of a spinel mold manganic acid lithium and a cobalt acid lithium which 
performed the magnesium permutation or the aluminum permutation for a part of crystal lattice from 
the above thing shows that the generation of gas at the time of after [ charge ] preservation can be 
reduced, moreover — in addition, by adding vinylene carbonate to the electrolytic solution, formation 
of a decomposition coat is attained also by the cell using a manganic acid lithium system positive 
electrode, and an operation of a magnesium permutation or an aluminum permutation enables it to 
reduce sharply the generation of gas at the time of after [ discharge ] preservation. 
[0071] 9. Magnesium Permutation Manganic Acid Lithium or Aluminum Permutation Manganic Acid 
Lithium in which the Amount of Permutations of Permutation Element (Mg or Aluminum) Carried Out 
Examination **** Although the atomic ratio (Li+Mg) (/Mn) of a lithium, the sum of magnesium, and 
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' manganese or the atomic ratio (Li+aluminum) (/Mn) of a lithium, the sum of aluminum, and 
manganese used the thing of 0.587 In order to concern this atomic ratio with the energy density 
which a magnesium permutation manganic acid lithium or an aluminum permutation manganic acid 
lithium has, and the cycle property in 60 degrees C closely, it examined this atomic ratio. 
[0072] First, when the amount of permutations of the magnesium of a magnesium permutation 
manganic acid lithium was changed and having been asked for the capacity maintenance factor at 
the time of 60 degrees C [ to an atomic ratio (Li+Mg) (/Mn) ] 300 cycles, a result as shown by O 
mark of drawing 8 was brought. Moreover, when the amount of permutations of the aluminum of an 
aluminum permutation manganic acid lithium was changed and having been asked for the capacity 
maintenance factor at the time of 60 degrees C [ to an atomic ratio (Li+aluminum) (/Mn) ] 300 
cycles, a result as shown by O mark of drawing 9 was brought. When asked for the capacity 
maintenance factor at the time of 60 degrees C [ to an atomic ratio (Li+Mg) (/Mn) ] 300 cycles by 
the cell which carried out addition of the vinylene carbonate using the same active material 2% (it is 
2 mass % to the mass of all solvents), a result as shown by - mark of drawing 8 was brought. 
Moreover, when asked for the capacity maintenance factor at the time of 60 degrees C [ to an 
atomic ratio (Li+aluminum) (/Mn) ] 300 cycles, a result as shown by - mark of drawing 9 was 
brought. 

[0073] It turns out that the capacity maintenance factor of the cell ( drawing 8 and - mark of 
drawing 9 ) which added vinylene carbonate 2% at the time of 60-degree C 300 cycles is improving 
rather than the cell ( drawing 8 and O mark of drawing 9 ) additive-free in vinylene carbonate so 
that clearly from drawing 8 and drawing 9 . This is considered to be because for disassembly of the 
electrolytic solution and the electrolyte resulting from degradation of the positive active material 
inside a cell or the dissolution of manganese to have been controlled by addition of vinylene 
carbonate. 

[0074] Especially, in the field where a /Mn (or (Li+aluminum) /Mn) ratio with the large (Li+Mg) 
manganese dissolution in an elevated temperature is small, although it is thought that it has 
prevented manganese's depositing and a surface state getting worse on a negative electrode, in the 
field where the manganese dissolution is larger, the effect of the dissolution appears more than the 
amount of coat formation strongly, and a capacity maintenance factor falls to it rapidly. This is 
considered that (Li+Mg) / Mn (or (Li+aluminum) /Mn) ratios are the 0.54 neighborhoods. And if the 
addition of vinylene carbonate increases, it will be thought that it shifts to a smaller value side, but 
since the bad influence by the addition of vinylene carbonate increasing is also produced, it can be 
said that it is desirable to set up so that it may become 0.54 or more as for (Li+Mg) / Mn (or 
(Li+aluminum) /Mn) ratio. 

[0075] Moreover, when the positive-active-material capacity per [ to an atomic ratio ] unit active 
material (the amount of positive-active-material specific volume (mAh/g)) was measured, a result as 
shown in drawing 10 was brought. It turns out that (Li+Mg) / Mn (or (Li+aluminum) /Mn) ratio follows 
on increasing, and the amount of positive-active-material specific volume falls so that clearly from 
drawing 10 . Therefore, the capacity maintenance factor after the 300 cycles at the time of an 
elevated temperature became large so that the atomic ratio became large, judging from drawing 8 
and drawing 9 , but even if the atomic ratio became large 0.62 or more, the capacity maintenance 
factor with a cycles [ of 300 ] of 60 degrees C after did not become large any more. On the other 
hand, since the amount of positive-active-material specific volume becomes small as an atomic 
ratio becomes large, judging from drawing 10 , it can be said that it is desirable to set up so that it 
may become 0.62 or less as for (Li+Mg) / Mn (or (Li+aluminum) /Mn) ratio. It can be said that it is 
desirable to choose from the thing of a value to which an atomic ratio serves as relation of 0.54 
<=(Li+Mg)/Mn(or (Li+aluminum) /Mn) <=0.62 from the above thing, and to use after all. 
[0076] 10. In the example in which the giant-molecule solid electrolyte cell carried out production 
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****, although the example which applies this invention to a lithium ion battery was explained, if this 
invention is applied to a polymer battery (solid polymer electrolyte cell), it is effective. Especially, 
since viscosity is high as compared with the electrolytic solution, a polymer battery poses the 
problem in respect of ****** that the use by the manganic acid lithium independent is big. If this 
invention is applied to a polymer battery, since thickness of a positive-electrode plate can be made 
thin, it is effective also from this point. 

[0077] In addition, a polymer here is the solid electrolyte made into gel combining a polyether 
system solid-state giant molecule, a polycarbonate system solid-state giant molecule, a 
polyacrylonitrile system solid-state giant molecule and the copolymer that consists of these two or 
more sorts or the giant molecule which constructed the bridge, the giant molecule chosen from a 
fluorine system solid-state giant molecule like polyvinylidene fluoride (PVdF), lithium salt, and the 
electrolytic solution. 

[0078] Subsequently, the example of production of a polymer battery (solid polymer electrolyte cell) 
is explained. It inserts in the cell sheathing inside of the body, after putting a polyethylene porous 
body with a positive-electrode plate and a negative-electrode plate. To this cell sheathing inside of 
the body, 6 phosphorus-fluoride acid lithium (LiPF6) and the electrolytic solution which added the 
vinylene carbonate (VC) of the specified quantity were mixed [ the 3:7 volume-ratio mixed solvent of 
polyethylene-glycol diacrylate (molecular weight is the thing of 1 000), ethylene carbonate (EC), or 
diethyl carbonate (DEC) ] by the volume capacity factor so that 1:10 might become comparatively, 
so that it might become in I. and one mol /. After pouring into this mixed solution 3ml of things which 
added 5000 ppm of t-hexyl peroxy pivalate as a polymerization initiator, at the temperature of 60 
degrees C, it heated for 3 hours, hardening processing was carried out, and the polymer battery was 
produced. 

[0079] Here, magnesium permutation spinel mold manganic acid lithium Li1.07Mn1.89Mg 0.04O4 and 
aluminum permutation spinel mold manganic acid lithium Li1.07Mn1.89aluminum 0.04O4 were used for 
the main positive active material, and when the elevated-temperature preservation property at the 
time of saving for 20 days at 60 degrees C after 4.2V charge like **** with the polymer battery 
using a mixed positive electrode with LiCo02 was measured, a result as shown in the following table 
9 was brought. Moreover, when the elevated-temperature preservation property at the time of 
saving for 20 days at 60 degrees C after 3.0V discharge was measured, a result as shown in the 
following table 10 was brought. 
[0080] 
[Table 9] 
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'[Table- 10] 
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[0082] It turns out that the addition effectiveness of a cobalt acid lithium has shown up like a lithium 
ion battery also in a polymer battery so that clearly from the above-mentioned table 9 and Table 10. 
As stated above, using the positive electrode which mixed the cobalt acid lithium of optimum dose 
to the magnesium permutation spinel mold manganic acid lithium or aluminum permutation spinel 
mold manganic acid lithium which is the main positive active material, by carrying out optimum dose 
addition of the vinylene carbonate into the electrolytic solution, it excels in an elevated-temperature 
property and a preservation property, and, according to this invention, a nonaqueous electrolyte cell 
with a good overcharge-proof property can be obtained. 

[0083] In addition, in the gestalt of operation mentioned above, make compression, an impact, and a 
shear operation cause using mechano fusion equipment, and a manganic acid lithium and a cobalt 
acid lithium are mixed. Although the example from which it was made for a cobalt acid lithium to be 
in the condition of having contacted electrically was explained to the manganic acid lithium You may 
make it a magnesium permutation manganic acid lithium (aluminum permutation manganic acid 
lithium) mix these ingredients by the slurry regime, without using mechano fusion equipment, since 
electronic conduction nature is superior to the non-permuted manganic acid lithium. 
[0084] Moreover, in the gestalt of operation mentioned above, the spinel mold manganic acid lithium 
with which a part of crystal lattice was permuted with magnesium or aluminum explained that it was 
necessary to choose from the thing of a value from which an atomic ratio serves as relation of 0.54 
<=(Li+Mg)/Mn(or (Li+aluminum) /Mn) <=0.62. In this case, it is expressed with 0.54 <=(1+X)+Z/(2-Y) 
<=0.62 when the general formula of the spinel mold manganic acid lithium with which a part of crystal 
lattice was permuted with magnesium or aluminum is expressed with Li1+XMn2-YMZ04 (however, M 
Mg or aluminum). In addition, when regulating in the range of 0.54 <=(1+X)+Z/(2-Y) <=0.62, it is 
necessary to regulate to -0.1 5<=X<=0.1 5, Y<=0.5, and 0< Z<=0.1. 
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* * NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] After charging to 4.2V, it is drawing showing the relation between the addition of the 
cobalt acid lithium at the time of saving for 20 days at 60 degrees C, and the amount of generation 
of gas. 

[Drawing 2} After discharging to 3.0V, it is drawing showing the relation between the addition of the 
cobalt acid lithium at the time of saving for 20 days at 60 degrees C f and the amount of generation 

of gas. 

[Drawing 31 Vinylene carbonate is drawing showing the relation of the charging current over the 
overcharge time amount in 3C of an additive-free cell, cell voltage, and cell skin temperature. 
[Drawing 4] It is drawing showing the relation of the charging current over the overcharge time 
amount in 3C of the cell by which vinylene carbonate was added, cell voltage, and cell skin 
temperature. 

[Drawing 5] It is drawing showing the relation of the capacity maintenance factor to the 60-degree 
C charge-and-discharge cycle of the cell which used the magnesium permutation manganic acid 
lithium as the main positive active material. 

[Drawing 6] It is drawing showing the relation of the capacity maintenance factor to the 60-degree 
C charge-and-discharge cycle of the cell which used the aluminum permutation manganic acid 
lithium as the main positive active material. 

[Drawing 71 It is drawing showing the relation of the discharge capacity to the addition of vinylene 
carbonate. 

[Drawing 8] It is drawing showing the relation of the capacity maintenance factor at the time of 60 
degrees C [ to an atomic ratio (Li+Mg) (/Mn) ] 300 cycles. 

[Drawing 9] It is drawing showing the relation of the capacity maintenance factor at the time of 60 
degrees C [ to an atomic ratio (Li+aluminum) (/Mn) ] 300 cycles. 

[Drawing 101 It is drawing showing the relation of the amount of positive-active-material specific 
volume to an atomic ratio (Li+M (M=Mg, aluminum)) (/Mn). 
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